An Intelligent Bay Geo-information Retrieval
Approach based on Geo-ontology

Rulin Xiao, PhD student

Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences
Beijing China, 100101
xiaorl@lreis.ac.cn

Yunyan Du, Associate professor

Institute of Geographic Sciences and Natural Resources
Research, Chinese Academy of Sciences
Beijing China, 100101
duyy@lreis.ac.cn

Abstract. In the era of information explosion, information
retrieval has become a bottleneck in information sharing and
integration. However currently, the existing information retrieval
methods are mainly based on keyword matching, which can not
fully take advantage of the information context and potential
knowledge. All of these methods are particularly inefficient as to
geospatial information which is more complex and unstructured.
Nevertheless, geospatial ontology (Geo-ontology) has been used to
enrich geospatial objects with semantic information which could
be very helpful in the geospatial information retrieval and
integration. And there is a wealth of relations between objects
(such as the relation between bay and the inter-tidal zone) in bay
field. Thus in this paper, an intelligent bay geo-information
retrieval approach based on bay geo-information ontology has
been proposed. Firstly, the procedure of establishing the bay geo-
information ontology database is introduced. Secondly, both the
intelligent retrieval mechanism and approach in bay geo-
information are expatiated, which are used to convert the user
retrievals request to semantic request and map the semantic
request to concrete query of actual data source by adopting the
knowledge that ‘s explicitly expressed in formal ontology
modeling language (OWL). Finally, the method was applied in
the bay information management system, and the feasibility and
efficacy of the geo-information retrieval approach is well verified.

Keywords: Geo-Ontology; Information Retrieva; Bay Geo-
Information System

L INTRODUCTION

In the era of information explosion, information retrieval is
the key point in the process of geo-information sharing and
integration, and always become a bottleneck. So Open GIS
Consortium (OGC) defined the geo-information retrieval
framework and standards in its interoperability specification
[1], and recommended Metadata Catalog Service as the
mainstream geo-information retrieval method. However,
Metadata Catalog Service is mainly based on keyword
matching, which is limited to predesigned pattern, only several
key words are allowed for the user to represent a search, and
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just does keyword or sub-string matching in its internal
searching process. So its result could be some general
information. As it can neither take full advantage of
information context, nor can it make use of the deep and
hidden knowledge, the result could be null or be wrong, which
can not meet the users’ need [2]. Especially in case of geo-
information field, because of complex object and unstructured
data, it can not use simple key word to search, and a novel
approach is required.

Ontology can enrich semantics, which is useful in the
information retrieval, integration and mining and can help to
improve the recall rate and its accuracy. In marine field, there
is rich in semantic characters and relations. Take objects in bay
field for an example: if the user wants to retrieval information
of Bay A, but there is only metadata for the data of land area,
sea area and intertidal zone of it in the geo-data exchange
center, and each is composed by several subset data. If key
word matched approach was used, the user inputs “Bay A” and
can not get any result. But actually, bay was composed by land
area, sea area and inter-tidal zone, they all have already existed
in the database, and should be returned together with the
relation between them and the ones that the user wanted
explicitly represented. In contrast, another case is that, if the
user wanted to get the data of Bay A, while the geo-data
exchange center has all data of bays lie in South China Sea and
with metadata as a whole. If key world based search, he can not
get what he needed, neither. But actually, it can be subtracted
from the data already exist. Why should it be this? Because the
key word based matching can not know the relation between
the data searched for and the data supplied. So ontology is
necessary.

In September 2003, the State Council formally approved
the "Comprehensive Survey and Evaluation of China Offshore
Marine" special project (referred as the "special project 908").
According to overall strategic concept of China's "digital
Ocean" concept and objectives of the project 908, marine geo-
information sharing is important and critical. As the forefront



of marine, bay has superior geographical location and unique
natural environment, play a key role in the national economy
and people's livelihood [3]. So in this paper, an intelligent geo-
information retrieval approach based on geo-ontology was
proposed to improve the geo-information retrieval rate and its
accuracy. And this research mainly focused on the bay
information retrieval.

In geo-information field, there have been many researches
and applications on ontology and have gain some achievement
[4-12]. However, those researches and applications often only
simply introduced the concept of ontology, hardly have
considered combining it with the unique characteristics of geo-
information. They are all limited to the use of relation and
knowledge between non-spatial properties of geo-information;
few of them have take advantage of spatial relation and
knowledge. Related work in marine field is even less. Findler
and Malyankar established the corresponding ontology for
coastal objects in their research [13]. Wariyapola and
Patrikalakis researched in the standard and technology in the
metadata and ontology creation process [14]. Yuyan Du and
Dandan Zhang proposed a good approach to organize bay geo-

data based on geo-ontology [15], but how that kind of
ontological databases should be used and what application
could it be used in have not been get further research in their
research. Jinggui Wang and Fenzhen Su introduced a kind of
geo-knowledge query approach based on ontology and its
application in coast zone resource and environment system [16],
but that approach only used the simple relations between
concept, property and instance, without using the complex
relations such as equivalent, disjoint, parent-son, containing
and being contained relation.

II.  REPRESENTATION AND ESTABLISHMENT OF BAY GEO-
ONTOLOGY

Firstly, this research introduced an ontological thought and
constructed the bay geo-ontology concept model which can
fully reflect the hierarchical structure of geo-objects; Secondly,
under the guidance of the bay concept model, the ontological
geo-database was established based on the mapping between
bay concept and bay geo-data; finally the integrated
management of sea, land and beach was realized, which made
the bay geo-information sharable and interoperable.
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Figure 1. Framework for building bay ontology

A. Representation of Bay Geo-ontology

Geo-ontology is defined as common shared conceptualized
model in specific geo-information community or explicit
formalized specification in the domain perception world [17],
while bay geo-ontology is defined as the ontology related with
the research domain of bay. After review of advantages and
disadvantages of ontology representation models such as triple
model, quintuple model and sextuple model [18-20], this
research proposed quadruple model as the representation model
for bay geo-ontology. And OWL (Web Ontology Language) is
chosen as the model language. It details as follows:

e Domain Ontology: It is defined as a quadruple O =
(CD, RD, AD, rD). In it, O is domain ontology set, CD
is a concept set in the specific domain, RD is the set of
binary relation between concepts such as property
relationship between two concepts; AD is the property

set; rD is the set of semantic relation between concepts
which is used to describe relations between concepts.
These semantic relations include equivalent relation
(same-as), inheritance relation (is-a), antagonism
relation (inverse), transitivity relation (transitive),
symmetry relation (symmetry), whole-part relation
(part-of), intersection relation (intersect) and spatial
relations such as topological, directional and distance
relation.

e Domain Concept: It is defined based on domain
ontology as DO = {(D1, DD1), (D2, DD2),...,(Dn,
DDn)}. In it, DO is domain concept set, DD; is domain
description, D; is domain key word.

e Global Ontology: It is defined based on domain
ontology as a quadruple SO=(C, R, A, r). Init, C is a
concept set in domain, R is the two-way binary relation



between concepts, A is the property set, r is the set of
semantic relation between concepts which is used to
describe relations between concepts and its semantic
rule is consistent with domain ontology’s.

B.  Establishment of Bay Geo-ontology

The establishment of bay geo-ontology is a process in
which according to the actual purpose and application
requirement, each concepts, their relations and properties
should be explicitly formally described and encoded by the

way introduced in the Part A.
name name

The establishment of geo-ontology model is complex and
time-consuming process. It needs lots of domain experts to
participate in this work. In this paper, according to software
engineering philosophy, based on combining advantages of
skeleton model and methontology model [21-24], we took a
spiral model to build ontology. The whole process contains 5
phases: analysis, representation, evaluation, establishment,
coding. The overall framework is as shown in Fig. 1. The
box in the left depicts the establishment process, and the one
in the right depicts the geo-data organization process. It
details were introduced as follows and the bay geo-ontology
had been established is as shown in Fig. 2(only a small part).
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Figure 2. Domain ontology of bay( only partial)

T1:Land Area->sourcel/Land Area:vl

Land Area(@name)

T2:name->vl/@name:v2

T3:inflowed_by,River->v1/River:v3
T4:composed_by,Estuary->v3/Estuary:v4

Estuary(@name)

TS:Estuary_name->v4/name:v5S

T6:composed_by,Offshore Land Area->v1/Offshore Land Area:v6

Offshore Land Area@name)

Figure 3. XML data source (sourcel)

e  Ontology analysis according to the actual purpose and
application scope. By collection and collation of bay-
related materials such as literature, theories, research
reports and atlases, and combining domain experts’
knowledge, the bay-related glossary was gotten. The
glossary contains term such as bay, tidal zone, offshore
land area, bay mouth and coastline, and defines the
meaning of each term and relation between them. In
this paper, lots of experts in marine field had taken part
in the analysis process.

e Identifying the relation between concepts in the
glossary, and defining domain knowledge and
representing it in natural language. Term that can be
defined by intention should be expressed. Intention
definition is referred as using only a limited number of
inextricably properties of it to define the term itself.

e Formalizing those definitions in formal ontology
language. Firstly, all concept related with domain
knowledge were defined and the ontology concept set
was formed, then based on the relations between

T7:0ffshore Land Area_name->v6/name:v7

Figure 4. Mapping of sourcel from global ontology to local shcema

ontology concept and spatial relations between object,
these ontology concept were organized well and the
classification system of the ontology was built up.

e Evaluating the correctness and effectiveness of each
ontology. The evaluation principles are primary clarity,
objectivity, consistency, integrity, scalability, and
minimal commitment [25]. If ontology is not qualified,
it should be redone from the beginning.

¢ Coding the ontology. Because quadruple model is used
as the ontology representation model, it can not model
instance which is corresponding to the data record in
database. Thus how could be these ontologies linked
with those data records in database? A joint ID should
be used though which the semantic information and the
data can be linked together (And the relationship
between the ontology and the data records in database
is 1 : n). So ontology needs to be encoded with unique
ID code. The code will be used in the mapping
between the ontology and the data.



III. INTELLIGENT RETRIEVAL MECHANISM BASED ON GEO-
ONTOLOGY

In face of a large number of heterogeneous, user
customized bay data resource in distributed environment,
without a good mechanism it is hard to reach dynamic
discovery, retrieval and integration. Usually, retrieval may
involve more than one model, if tradition retrieval approach is
used, it needs to large-scale search over multi-nodes, and its
inefficiency is obvious and can not distinguish information of
different domain. So in this paper, firstly based on the thought
of managing resources in different domain with different
method, the domain ontology was used to provide consistent
semantic specification for data source in the same domain and
was used to define domain concept and global schema;
secondly the mapping from heterogeneous data to global
schema was used to transform data using XML; finally the
intelligent retrieval approach based on ontology was realized.
This method can facilitate the management of data resource of
different fields, and can reduce the total number of hops that
needs to search through to alleviate the system load and also
improve the retrieval efficiency and recall rate. As shown in
Fig. 2, it is the schematic view of ontology in bay (only
partially), When retrieval in bay field, it can be used as the
global schema. By reasoning based on the semantic rules and
knowledge, it realizes such kind of ontology based intelligent
retrieval approach.

A. XML Based Mapping from Heterogeneous Data to Global
Schema

Firstly, the retrieval request from user interface is sent to
the global retrieval engine; secondly the request was converted
to retrieval based on global ontology, finally by mapping
between ontology and xml, the request was converted to xml
based retrieval. The mapping between Ontology and XML is
primary on rules as follows:

e Complex XML element is mapped to ontology concept,
corresponding to the non-leaf node in the ontological
concept diagram;

e The leaf node in the ontological concept diagram is
property of concept, corresponding to the simple type
data in XML file. The dual relation between concepts
is used to represent relation between complex type data
in XML file.

e By the concept abstraction using global ontology to
achieve mapping between ontology and xml file, which
hides the heterogeneity between different data source
and provide a unified retrieval interface.

The mapping rule is defined as T:p—>1/q:v. In it, T is tag for
rule, r is rule’s root, and q is the local (relative) path of XPath,
p is the path of ontological schema. The rule’s root(r) can not
only be variable and also be URI. If it was a variable, p is role
path; if not, p is concept path. If it was a variable, t is referred
as relative mapping rule; if not, t is referred as absolute
mapping rule. For example, the data source sourcel (As shown
in Fig. 3), is mapped from global ontology (As shown in Fig. 2)
to local schema is (As shown in Fig. 4).

B.  Ontology Based Intelligent Retrieval Approach

The rich semantic information provided by bay ontology
and reasoning ability enhances the user’s retrieval with
powerful intelligence. As shown in Fig. 2, as part of land area,
off-shore land area has all properties of land area. Tidal flat and
swampland are subclasses of tidal zone, retrieval of tidal zone
can automatically be extended to all its subclasses.

The ontology based intelligent retrieval process is as
follows:

e After receiving retrieval request based on concept
(global schema) from user, the concept set C = {cl,
c2, ...} was generated, which consisted of all related
concept according to semantic relation between
ontological concept.

e According its semantic relation, all concepts in set C
should be standardized and generalized. By
standardization of Equivalent concept and expansion of
relations such as parent-child relation, containing
relation and being contained relation to expand the
user’s retrieval request.

e Establishing relation set R = {rl, r2, ...} of dual
relation between the concepts in set C.

e Inferring based on all relations in relation set R
according rules predefined such as using inverse,
symmetry and transitivity transformation and
reasoning to get more deep semantic relation.

e  Through these four pre-processing steps, it generates a
new semantic extended retrieval;

e  Decomposing retrieval into multiple sub-retrieval set
and to discovery data records based sub-retrieval
pattern.

e Sum up all sub-retrieval results as the final output.

It uses mapping between ontology and the XML schema of
the data source, and then rewrites the retrieval based on global
schema to retrieval based on XPath of different data resource,
finally generate the retrieval execution schedule.

IV. USE CASE

In this section, we applied our bay geo-data organization
framework and retrieval mechanism in the bay geo-information
system for Perl River Delta. We took recall rate and accuracy
as the evaluation index. Their definitions are as follows:

R=Nx/N' 1)
A=Nx/N )

R is the recall rate, 4 is the accuracy. Nx is the number
of correct data records, N' is the number of related data

records sand N is the number of data records have been
returned by the retrieval.

Through test in the system and by rough statistics (As
different retrieval input will have different retrieval result), we
found that compared to traditional retrieval mode, the



intelligent retrieval mode based on ontology have obviously
improved both the recall rate and the accuracy. And the
improvement in the accuracy was not remarkable in the recall
rate. Because besides traditional retrieval results, it returned the
ones that have semantic relation with that user request more or
less.

V. CONCLUTIONS AND FUTURE WORK

In this work, a bay geo-data organization method based on
ontology has been described, and it works well in building up a
semantic geo-data base. On that basis, it proposed in a kind of
intelligent retrieval mechanism. In the retrieval process, it uses
domain ontology as global schema and uses ontological
knowledge and logic rule-based reasoning to overcome the
semantic heterogeneity. The retrieval request was first semantic
extended and is rewritten when the actual data source’s schema
is not same as the global schema. And sometimes, retrieval
decomposition is also necessary. Finally, both the geo-data
organization method and the intelligent retrieval mechanism
had been applied in real application, and their feasibility and
effectiveness had been verified. Its advantages are as follows:

e Based on human being’s cognitive model, using object
—oriented idea makes the data more natural and better
organized.

e It enables integration and interoperability of different
data source. The global ontology and mapping
mechanism play a key role in it.

e By that intelligent mechanism, it not only hides the
complex details of data source from the user, but also
makes the retrieval operation simpler and more
convenient.

e It can improve the accuracy and recall rate of retrieval.
As a future work, we are working on three aspects.

e Firstly, on the aspect of distributed data source. Our
present work is on basis of data in local database and is
not suitable for data in the distributed network
environment. Service oriented architecture (SOA) and
semantic web are the mainstream development. How to
combine that mechanism with those technologies and
philosophy to work well in the distributed environment?
There needs further work.

e Secondly, on the aspect of deeper semantic level.
Present work uses quadruple model to represent
ontology. Instance ontology have not been take into
consider and thus knowledge between instance can not
been used. It is a semantic model on metadata level or
data schema level. The next step will focus on
semantic enriching in data level, which would be more
laborious and time-consuming.

e Finally, on the aspect of making the geo-ontology
more geospatial enabled. Our present work only simply
converts spatial relations or knowledge to non-spatial
property. For example the intersection relation between
River and Bay is simply converted to ontological
property - “inflow”, that is not enough for a user who
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want to know where is it flew into the bay, in the west
or in the east? So an advanced representation model is
needed to express geospatial knowledge and relations
(such as distance relation, directional relation and
topological relation) well. On that basis, spatial
reasoning and mining can be possible and feasible.
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